Volume 44 AUGUST, 1958 





4 
Lubrication 


A Technical Publication Devoted to 
the Selection and Use of Lubricants 


PUBLISHED BY 


beet ecAAS COMPANY 


TEXACO PETROLEUM PRODUCTS 





How Texaco Paper Machine Oil HD 


keeps dryer roll bearings “like new” 


Texaco Paper Machine Oil HD gives complete 
protection against rust and corrosion whether 
machines are running or idle. 

It keeps the circulating system clean— 
assuring complete, uninterrupted lubrication 
—because it’s stabilized against oxidation, and 
because its detergent and dispersive properties 
prevent carbon and paper dust from accumu- 
lating. 

In addition, Texaco Paper Machine Oil HD 
separates readily from water, and gives extra 
long-lasting protection because it stands up 
under heavy pressure and running tempera- 
tures of 300°F. or more. 

All this adds up to long bearing life, low 
maintenance costs, and freedom from produc- 


tion losses due to oil-caused machine stoppages. 
An experienced Texaco Lubrication Engi- 
neer will be glad to furnish more data. Just 
call the nearest of more than 2,000 Texaco 
Distributing Plants in the 48 States, or write: 
The Texas Company, 135 East 42nd Street, 
New York 17, N. Y. 
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Ball and Roller Bearing Lubeleasile 


HE turn of the twentieth century was achieved 
smoothly in the engineering sense, as the 


common usage of rolling-element bearings 
dates back to about 1900!. Since that time these 
essentially simple antifriction devices have been 
developed to a high degree of performance in a 
multitude of specialized designs. 

Children continue to roll along on ball-bearing 
skates, but the layman has little conception of the 
diversified applications of antifriction bearings in 
the world today. Such would be brought home to 
him if he could see with X-ray eyes into his house- 
hold appliances, car and lawnmower. Electric motors 
turn easier, automobiles roll easier, and hand mow- 
ers push easier because of antifriction bearings at 
critical points. And in commerce, our industrial 
plants, trains, buses, trucks and airplanes use rolling- 
element bearings by the millions. 

Modern ball and roller bearings are part of a 
team: the other part is the lubricant. The bearings 
could not do their jobs if it were not for the highly 
developed greases and oils that lubricate and pro- 
tect them in service. This issue of magazine LUBRI- 
CATION describes advances in ball and roller 
bearing (BRB) lubrication during recent years. 


WHY ANTIFRICTION BEARINGS 
NEED LUBRICATION 


An ideal antifriction bearing would be one in 
which only pure rolling motion was encountered. 


However, this does not work out in practice. In 
service and under load, uncaged balls or rollers 
rub or slide somewhat against themselves. When a 
separator or cage is present, the rolling elements 
slide against this, and the cage itself rubs against 
any guiding flange surfaces. 

The rolling elements may also show relative slip 
against the raceways. For instance, when a ball un- 
der load rolls in a curved groove, such as a curved 
bearing raceway, pure rolling is obtained only along 
two lines in the contact area; other parts of the ball 
slide or spin along areas of the groove to some 
extent. This is because the effective radius of the 
ball is smaller at points distant from the bottom of 
the race groove. Because of this sliding, lubrication 
is needed to minimize wear and friction. Loading 
intensifies this condition. 


NATURE OF GREASE LUBRICATION 
The great majority of rolling-element bearings 
are now lubricated with grease!. Being a solid when 
not under shear, grease forms an effective collar at 
bearing edges, sealing against dirt and moisture, 
and minimizing leakage as compared to the use of 
oil. Simpler housing designs are possible, and pip- 
ing may be greatly reduced when grease is the lubri- 
cant. 
Why doesn’t grease ‘gum up the works” when it 
gets on the rolling and rubbing surfaces? Because 
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Figure 1 — Variation in Grease Life With Temperature (re- 
printed from 1957 article “Recent Advances in Grease Lubrica- 
tion of Ball-Bearings” by E, R. Booser’). 
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grease becomes a fluid when intensively sheared 
or worked; therefore, the bearing is, in effect, lubri- 
cated with an oily film at points of dynamic con- 
tact. On the other hand properly compounded and 
uncontaminated greases are “‘thixotropic,” which 
may be defined as softening under shear but return- 
ing to a solid when the shearing force is relieved.* 
It is easy to see from such a combination of proper- 
ties why greases are widely used lubricants. They 
flow at the contact surfaces, but seal at the edges 
of a bearing. 

It has been indicated for some time that certain 
prepacked, sealed or shielded rolling-element bear 
ings, or those in which a controlled excess of grease 
is placed in the housing, are essentially lubricated 
by an oily phase which “bleeds” from the static 
grease to the moving surfaces. *. The bearing needs 
more oil from the grease as the following increase: 
bearing size, speed, load or temperature. Even 
though 1/1000 of a drop of a 300 SUS o//** per 
hour will completely cover and lubricate the con- 
tacting surfaces of 15 to 50 mm bore bearings run- 
ning at 3600 r.p.m.%, this amount must continually 
be replenished in operation. 

On the other hand laboratory studies using dye 
tracers in shielded bearing lubrication have shown 
substantial feeding of the grease proper to the bear- 
ing*. Also, examinations of sealed traction-motor 
armature bearings have indicated some migration of 
grease from end-plate reservoirs to the bearing in 
service. It is possible that the particular tempera- 
“* Greases are both thixotropic and non-Newtonian. A non-New- 

tonian material decreases in viscosity with increasing rate of shear 

with this effect being immediately reversible with decreasing 
shear rate. On the other hand, thixotropic hardening is propor 
tional to aging time of the undisturbed grease, 


** Viscosity in Saybolt Universal Seconds at 100°F, 
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ture-speed-vibration conditions in question affect 
the nature of the lubricating phase or phases fed 
to the bearing. Bearing and housing geometry are 
also factors in this situation, as is grease composi- 
tion. 

Higher Temperatures 

There have been great increases in the life which 
lubricating greases now provide at elevated temper- 
atures. This is the result of an intensive study of 
oxidation-resistant formulations. Such research has 
gone hand in hand with a fundamental study of 
lubricating grease structure by means of the electron 
microscope, X-ray diffraction equipment and opti- 
cal microscopy. By means of modern knowledge the 
grease chemist can now scientifically arrange the 
lubricant structure so that improved feedability and 
long life are obtained. 

Figure 1 shows the eight- to ten-fold increase in 
life at elevated temperatures which has been made 
available by improved greases during the past ten 
years®. Lives predicted by these laboratory rig re- 
sults may be lowered for service conditions where 
ambient moisture, dirt and poor maintenance are 
factors; however, the laboratory results are com- 
parative among themselves and so indicate the great 
improvement made. 

Figure 2 shows the improvement made in maxi- 
mum temperature of operation for petroleum 
greases in electric motors during the period 1947 
to 19575. It may be seen that the maximum tem- 
perature for one-year ‘‘bearing life” has risen from 
approximately 175°F. to 250°F. The ‘bearing life” 
shown in Figures 1 and 2 is governed essentially by 
grease life as these were not highly loaded tests. 
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Figure 2 — Improvement in Maximum Temperature for Petro- 

leum Greases in Electric Motors (reprinted from 1957 article 

“Recent Advances in Grease Lubrication of Ball-Bearings" by 
E. R. Booser’). 





1957 


{ 102 } 





LUBRICATION 


PETROLEUM 


Zz WZ 
DIESTER AND POLYESTER 
ee LA 


SILICONE 
{ _—_YZZZZZZZZZZA 


SILICONE - DIESTER 


























GREASE TYPE 


SHADED AREAS COVERED 
ONLY WITH SPECIAL 
| PRODUCTS OR RELUBRICATION 


POLYGLYCOL 











A i i iL 
-100 1) 100 200 300 400 
USEFUL TEMP, RANGE —°F 
Figure 3 — Temperature Range for Ball-Bearing Greases (re- 
printed from 1957 article ‘Recent Advances in Grease Lubrica- 
tion of Ball-Bearings” by E. R. Booser’). 





Considering even higher temperatures, a coop- 
erative program at 300°F. using silicone-insulated 
motor/generator sets has yielded much valuable in- 
formation concerning grease lubrication of No. 
310* ball bearings. A comprehensive study of the 
factors involved, made by government laboratory 
personnel, indicates among other things that the 
design of the end-bell (which houses the reservoir 
grease) is important if maximum utilization of the 
grease charge is to be secured®. 

Aircraft needs in particular have raised operating 
temperature requirements to the 450°F. and higher 
level. Testing at such extreme high temperatures is 
discussed later in this article. 


Extended Temperature Range 

Figure 3 illustrates the tremendous temperature 
range over which grease lubrication may now be 
achieved, as a function of general composition of 
the lubricant®. It may be seen that synthetic oily 
components are utilized to achieve the lowest tem- 
peratures of operation down to —100°F. and also 
the highest temperatures up to 450°F. At the high- 
temperature end, the usefulness of synthetic mate- 
rials, such as high-molecular-weight esters and 
silicone fluids, has been extended and made more 
effective by the use of unusual thickening agents. 

It has been found that soap-thickened greases do 
not have the maximum heat stability needed for the 
extreme high temperature range and, therefore, 
many unusual materials have been investigated and 
are being used for such very high temperatures. 
These include organic modifications of clays, cer- 
tain very stable dye-stuffs and complex organic com- 
pounds such as the arylureas®. 


Higher Speeds 

Important advances have also been made in anti- 
friction bearing lubrication at high speeds. In the 
past, a speed of 10,000 RPM was considered as 
high, however, RPM's of 50,000 to 150,000 are not 
unusual at this time in certain aircraft and machine 
tool applications*!.7, mostly with oil mist lubrica- 
tion. 


Revolutions per minute is not the only measure 
of speed; one must consider the peripheral speed as 
being most important. A comparative measure of 
peripheral speed is the so-called DN Value (bear- 
ing bore in millimeters times speed in revolutions 
per minute) which gives a speed factor. For in- 
stance, a No. 204 bearing (20 mm bore) at 10,000 
RPM has a speed factor or DN Value of 200,000. 

Experiments carried out at a major petroleum 
research center over the last several years have 
resulted in the development of greases which allow 
substantial bearing life for speeds up to 50,000 
RPM for a No. 204 bearing; a DN Value of one 
million. This work has yielded valuable information 
on the types of greases which are suitable for such 
speeds and also some information on the types of 
ball-bearing design which are most appropriate®. *. 

Bearing life is usually defined as the time at 
which 10% of the bearings have failed through 
fatigue. For a given bearing, douliing the speed 
halves the expected life of the bearing. Doubling 
the load reduces the life to one-eighth. 

It has been emphasized recently that centrifugal 
load is a very important factor in ball-bearing life 
at very high speeds. Certain authorities? have ar- 
ranged in graphical form a number of derived 
relations!® on the effect of speed on equivalent 
radial load. Such information is presented in Fig- 
ures 4a, 4b and 4c, and it may be seen that bearings 
become very heavily loaded from this effect when 
speeds of 30,000 to 50,000 RPM are achieved. This 
helps to explain why such a “scatter” of results is 
obtained on evaluating lubricants at such speeds. 
The bearings are loaded to such an extent that 
fatigue life is materially reduced. This factor is 
in addition to failures from cage wear and break- 


age. 


Better Rust Protection 

Another achievement in grease formulation has 
been the development of effective rust inhibitors. 
This has been concurrent with the development of 
suitable test techniques as will be discussed later. 
The development of rust-inhibited formulations 
has been particularly valuable for greases based on 
water-repellent soaps, such as calcium and/or lith- 
ium. Greases made from such soaps are extremely 
resistant to water washout, however, unlike certain 
sodium soap greases!', they require additional forti- 
fication for optimum rust protection. 

The need for a high degree of protection against 
rust is extremely important in applications where 
*A typical ball bearing number, such as 310, conveys considerable 
information. For instance, the last two digits give the bearing bore 
number, which is 1/5 of the bore size in millimeters when the 
bearing bore is 20 mm or larger, thus giving a bore size of 50 mm 
for this bearing. The digit 3 is related to the outside-diameter 
series which is also related to the load capacity of the bearing. 


However, it is necessary to consult tables to find the outside 
diameter and width of bearings of a certain series. 
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Figure 4A 












































Figure 4B 


Figure 4a, 4b, 4c — Equivalent centrifugal load Wef, as a 

function of speed for (a) 100-series, (b) 200-series, and (c) 300- 

series ball bearings. Dashed lines indicate constant bearing 

life at zero external load. (‘By permission from BEARING 

DESIGN AND APPLICATION by Wilcock and Booser. Copy- 
right, 1957. McGraw-Hill Book Company, Inc."’) 
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rolling-element bearings must stand for long peri- 
ods of time in the presence of humid atmosphere. 
This may occur under adverse conditions of storage 
of prepacked bearings such as at tropical military 
depots, and it also may occur in wheel bearings 
during standing of vehicles or railway cars for ex- 


tended periods. 


Beyond the Horizon 

Grease research is always reaching out and/or 
being pushed into new frontiers by military and 
industrial break-throughs. Perhaps the newest fron- 
tier at the present time is that of resistance to nuclear 
radiation. Such lubricants are of pronounced interest 
to the military and are becoming more important 
in industrial applications as atomic power plants go 
into operation. 

In general, greases first soften on irradiation 
because of disintegration of the soap structure, and 
finally harden to porous and brittle substances owing 
to polymerization (combining of small molecules to 
form larger ones) and cross linking of the oil mole- 
cules. Performance life in bearings is reduced con- 
current with reduction in oxidation resistance. 

Such locations as remote fuel-handling devices, 
control rod drives, coolant pump bearings and acces- 
sory units will need greases with greater resistance to 
radiation as times goes on !*. Current information 
indicates that such greases will probably contain an 
oily component high in aromatic content and. that 
non-soap thickeners will probably be used**: *. 


{ 104 } 





LUBRICATION 


SPEED FACTOR, (MM BORE x RPM ) 





50 100 {50 200 250 
OPERATING TEMP. ,°F 


Figure 5 — Recommended oil viscosities for ball and 

bearings, (‘By permission from BEARING DESIGN 

APPLICATION by Wilcock and Booser. Copyright, 
McGraw-Hill Book Company, Inc."’) 


OIL LUBRICATION 

The advantages of grease were pointed out earlier. 
However, oil is more effective in carrying away heat. 
Oil also affords more positive feeding to loaded con- 
tact areas of bearings and furnishes a flushing action 
for any dirt, water or wear products. A correlary to 
this last fact is that the oil may be purified in a circu- 
lating system so that long periods of operation under 
adverse conditions may be achieved, whereas this 
would not be possible with grease in such applica- 
tions as roller bearings on the dryer ends of paper 
mill machines". 

In many cases the requirements of other machine 
elements dictate the selection of type and viscosity of 
the lubricating oil used in the anti-friction bearings. 
It is stated by current authorities that “if other fac- 
tors do not dictate the oil properties, the viscosity of 
the oil for a ball or roller bearing should be just high 
enough to insure satisfactory lubricating perform- 
ance for the rolling elements and the separator. 
Higher viscosities will result in higher operating 
temperatures and higher power dissipation than nec- 
essary”. These authors have made a composite of 
lubricant recommendations available in the recent 
literature with those of the bearing suppliers as a 
guide for selecting the proper oil viscosity for ball or 
roller bearings. This graph is reprinted as Figure 5. 

Compositionwise, mineral oils are still quite ade- 
quate under most conditions for lubrication of anti- 
friction bearings and are used extensively. However, 
for extreme conditions of low temperature and high 
temperature, or wide temperature range, synthetic 


oils are used. This is particularly true in modern 
turbine engines where the bearings are lubricated 
with synthetic oil of the so-called diester type. These 
bearings must be lubricated to permit military engine 
starting at —65°F and to give satisfactory operation 
at temperatures of the order of 400-500°F in some 
applications. In the future, the upper bearing oper- 
ating temperature level is expected to increase. 
Accordingly, lubricant suppliers are continuing to 
devote considerable effort to the development of 
lubricants which will be superior to current fluids at 
elevated temperatures. A prime problem in this 
regard is the formation of bearing deposits resulting 
from this exposure of oil to high temperatures in the 
presence of air. The high temperature laboratory 
bearing tests now being developed should be of 
material assistance to those developing superior high 
temperature oils. Whether the superior high tem- 
perature products will possess the excellent low tem- 
perature properties of present oils is debatable; it 
appears that if improvement is to be obtained at high 
temperatures some sacrifice in low temperature per- 
formance may be required. It is of interest to note 
that there is some evidence that certain mineral oils 
may be superior to synthetics at elevated tempera- 
tures. The surface deterioration of bearing working 
areas at elevated temperatures is also under investi- 
gation. The relative performance of different oils 
with respect to this factor is not at all well defined 
at present. Depending upon test conditions, syn- 
thetic oils may or may not be found superior to 
mineral oils** 17+ 82. Clearly, additional work will 
be required in this field to better understand the vari- 
ous ramifications involved. 


ADVANCES IN TEST TECHNIQUES 
1. Cooperative Developments 


The Coordinating Research Council has continued 
with its development of the 10,000 RPM spindle 
test for greases which uses a No. 204 test bearing. 
This test is now called for in military specifications 
at temperatures up to 450°F. (MIL-G-25013A) 
and precision is quite good even at the highest tem- 
perature. At 450°F. and above it is necessary to use 
special high alloy tool steel bearings to avoid dimen- 
sional changes. The CRC is now continuing its work 
at the 600-700°F. level in view of continuing de- 
mands from the Military that evaluation methods at 
such temperatures be made available. 

In the field of fretting corrosion, considerable 
advance has been made in developing a suitable 
instrument for determining the effect of lubricating 
greases in minimizing this form of wear. The August, 
1955 issue of this publication was devoted to this 
subject and contains on page 93 a photograph of the 
Sikorsky apparatus for oscillating radially loaded 
bearings, such that the effect of lubricants on their 
fretting corrosion tendencies may be determined. A 
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Figure 6 — ASTM Wheel Bearing Tester. Apparatus, which em- 

ploys a 1942 Ford front wheel hub is driven at a speed 

equivalent to 40 miles per hour. Test bearing assembly is 

enclosed in insulated hood so tests can be made at elevated 

temperatures. Special ring is used in place of regular grease 

retainer, to catch any grease which leaks from the inner end 
of the hub. 


very recent publication brings this work up to date’®. 

A much needed development has been the final 
publication of a technique for evaluating the rust- 
resistant properties of lubricating greases. This work 
is the culmination of a number of years of coopera- 
tive investigation along these lines and has resulted 
in a simple bearing protection test technique. In this 
test a small tapered roller bearing is packed with the 
grease to be investigated and placed in a jar in the 
presence of a small amount of free water. The jar is 
then closed and the assembly kept for fourteen days 
at 77°F. At the end of this time the bearing is 
cleaned and examined for rusting. This test is 
described in Military Specification MIL-G-3278A, 
“Grease, Aircraft and Instrument.”’ Correlation was 
obtained between the Bearing Protection Test and 
two full-scale field tests in different parts of the 
U.S.A. on fleets of aircraft in which the test greases 
were placed in the wheel bearings of the aircraft?®. 

The ASTM* has standardized the automotive 
wheel bearing performance test originally developed 
by the CRC and this test has been in military specifi- 
cations such as MIL-G-2108 for some years. It meas- 
ures the leakage tendencies of greases; however, 
being a short-time (6-hour) test it does not evaluate 
the lubricating abilities of the grease. Figure 6 
shows a photograph of this test unit. The necessity 
of full-scale field tests as a proof of automotive 
wheel bearing service is well proven by a compre- 
hensive study reported in 19549. 


**‘American Society for Testing Materials’ 


August, 1958 


Compatibility of lubricating greases has received 
considerable attention during recent years. It has 
been found that mixtures of certain greases may 
show softening and high leakage under certain con- 
ditions from physical structure changes. It is also 
possible for chemical interactions to take place. For 
instance, when a grease containing high free alkali 
content is mixed with an ester-type synthetic grease, 
saponification of the ester may occur resulting in an 
unsatisfactory lubricating mixture. While various 
short-time tests have been proposed as suitable for 
testing compatibility of grease mixtures, the only 
safe way is to run sw-h blends in antifriction bearing 
machines under the same type of conditions which 
will be experienced in the field. Such tests must be 
carried out for considerable periods of time, as 
short-time tests may not predict latent incom- 
patibility. 

The ASTM has considered this question and 
Technical Committee G of ASTM Committee D-2 
has issued the following statement: 


“STATEMENT ON COMPATIBILITY 
TESTING OF LUBRICATING GREASES 


Compatibility of lubricating greases implies com- 
patibility in service. Owing to the complexity of 
service problems, there is no single test which can 
be used to satisfactorily evaluate compatibility in 
general. 

Present ASTM Methods, such as those for Drop- 
ping Point, Worked Penetration, and Leakage Ten- 
dencies of Automotive Wheel Bearing Greases, may 
be used to test individual greases. Results obtained 
on such mixtures, as compared to results on the 
unmixed component greases, are indicative of the 
compatibility of the mixtures. However, simple 
bench tests such as these must be correlated with a 
particular set of service conditions before a valid 
estimate of compatibility in such service can be 
achieved.” 

As an example of a rigorous mechanical test for 
compatibility, the Association of American Rail- 
roads (AAR) has issued Specification No. M-917-56 
where greases submitted for qualification must be 
run with mixtures of approved products in an eight- 
week simulated service test. A four-axle tester with 
two roller bearing assemblies (6x11 boxes) per shaft 
is used. The shafts turn at 640 RPM which is equiva- 
lent to 63 MPH for a 33-inch freight wheel. The 
tests run for eight weeks with periodic shut-downs. 
Fan blades on the shafts provide cooling to simulate 
the windage of road operation. A 600-Ib. vertical 
load is imposed on each bearing. 

The development of suitable greases for railroad 
axlebox roller bearings has been an outstanding 
development of the past decade. Reduced main- 
tenance has meant lower labor costs. Tests have 
shown that freight car grease-lubricated bearings can 
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Figure 7 — Seven-ton, full-scale Railroad Journal Bearing Test Machine developed by a prominent petroleum research labora- 
tory showing two actual 51 x 10 inch journal boxes assembled with vertical loading yokes and axial load cylinders. 


operate for at least three years without relubrica- 
tion*!, This whole picture is well summarized in a 
very recent comprehensive paper by a representative 
of a large roller bearing manufacturer??. 


Individual Developments 

Some years ago a large petroleum research lab- 
oratory developed a highly versatile Railroad Jour- 
nal Bearing Tester which has been in constant and 


useful operation since its installation. Figure 
shows this apparatus which tests two full-scale roller 
bearing assemblies at one time. Heavy vertical and 
thrust loads are imposed, together with superim- 
posed shock loading, all activated hydraulically. 
Lateral play is provided for as in actual service, and 
friction measurements may be made at the start of 
and during a run. This machine has aroused much 
interest in domestic and European railroad circles 
and similar equipment has been constructed by the 
AAR. 

A large manufacturer of electrical equipment has 
been running for a number of years an interchange- 
able-cartridge high-temperature ball-bearing grease 
tester which was described in detail at the ASTM 
Symposium on Functional Tests for Ball Bearing 
Greases in 1948. Tests are run up to 10,000 hours 
at 212°F. ambient temperature. This test utilizes a 
No. 306 bearing with a 160 pound radial load and 


40 to 50 pounds thrust load and runs at 3600 RPM. 
It is considered to give a good simulation of electric 
motor bearing operation, as far as grease life goes, 
under laboratory conditions. Figure 8 shows a sec- 
tional view of this bearing tester. 

A large manufacturer of rolling-element bearings 
has developed valuable correlations from tempera- 
ture-load-speed studies on ball bearing life on test 
rigs of their own design??. 

A recent publication describes the scope of evalu- 




















Figure 8 — sectional view of G.E. Four-Bearing Interchange- 
able Cartridge High-Temperature Ball Bearing Grease Tester. 
(reprinted from article ““Grease—An Oil Storehouse for Bear- 
ings” by D. F. Wilcock and M. Anderson, Symposium on Func- 
tional Tests for Ball Bearing Greases, STP-84, ASTM’). 
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Figure 9 — EMD Traction Motor Armature Bearing Tester. (util- 

izes 130 mm bore test bearings; representative test conditions 

are 500-hour duration, 2500 RPM, room ambient temperature 

and 740-lbs. load per bearing. Superimposed vibration is 
800 CPM.) 

ation and testing imposed by a major petroleum 

company on the various greases developed?*. 

For testing the performance of roller bearing 
greases under heavy loads the SKF Roller Bearing 
Test Machine continues to be of particular value *4. 
This apparatus tests 5Y2 inch OD cylindrical roller 
bearings under 4240 pounds per bearing radial load 
and a usual speed of 2100 RPM. By means of cart- 
ridge heaters under the test bearings it is possible to 
run at elevated bearing temperatures. The value of 
this machine in studying the performance of differ- 
ent grease types, as well as further studies with the 
Vibrating Wheel Bearing Tester and the Torque- 
Breakdown Machine are described in a paper pub- 
lished in 195574. 

In Europe the SKF R2F Test is widely used, in 
which spherical roller bearings of 60 mm bore are 
used as the test bearings. Various conditions of 
speed and temperature are imposed on the lubricat- 
ing greases to be evaluated. This type of bearing, 
which has barrel rollers and a curved outer race- 
way, possesses high load-carrying capacity. Because 
of the greater degree of contact (osculation) be- 
tween roller and outer raceway, this design consti- 
tutes a severe test for lubricating greases particularly 
at increased speeds. 

There has ines considerable test development in 
the field of traction-motor-armature roller bearings 
for railroad use. The use of sealed bearings with 
the initial bearing lubricant charge lasting between 
overhauls with no relubrication is now an accepted 
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procedure and widely used. Periods of 300,000 to 
500,000 miles between relubrications of such bear- 
ings are now being achieved in railroad service. 
Whereas formerly flange-riding-roller bearings were 
used, the trend is now to roller-riding-cage roller 
bearings. Figure 9 shows a picture of the EMD de- 
sign of traction motor armature bearing tester. 

Miniaturization, radiated heat from jet engines 
and aerodynamic heating at supersonic speeds are 
three of the important factors in the military picture 
which have pushed grease operating temperature 
requirements to 450°F. and higher. As early as 
1949 the USAF* asked a subpanel of the Coordi- 
nating Research Council to screen existing aircraft 
control bearings and lubricants for life at 500°F. 
This work led to the development of an oscillating 
control-bearing tester in which tests were run up to 
550°F. under conditions of load, degree of oscilla- 
tion, and speed representative of a jet fighter at that 
time. When conventional KP-16A bearings were 
fitted with heat-resistant seals it was possible to get 
20 to 80 hours life at 550°F. with a non-soap, solid- 
thickened /silicone fluid grease and up to 248 hours 
at 500°F. with this grease®®. Figure 10 shows a 
picture of this apparatus. 

The field of extreme low temperatures has not 
been neglected. In one detailed study, an intensive 
program?* has been carried out to note the degree 
of correlation of torques measured by simple labora- 
tory bench rigs with the results obtained on full- 
scale aircraft accessories at temperatures down to 
—100°F. Figure 11 shows a combined view of the 
various pieces of accessory units which were evalu- 
ated in this study and Figure 12 pictures a retractable 
landing light with the auxiliary equipment necessary 
to run these tests. 

The conclusions from this work were that there 
were more variations between units of supposedly 
identical construction than there were between 
greases meeting the same military specification 
which in this case was MIL-G-3278A, “Grease Air- 
craft and Instrument.” A certain accessory which was 
overpowered, operated at —100°F. even with a 
grease which was designed only for —40°F. opera- 
tion (the criterion being one revolution of a No. 204 
bearing at 5 seconds or less at 2,000 gram-centi- 
meters torque). A unit of another accessory was 
under-powered and would not operate at —65°F. 
even with the grease designed to work at —100°F. 
as judged by the 2,000 gram-centimeter criterion. 
Therefore, apparently large numerical differences 
detected by a sensitive laboratory bench test may 
have no significance for actual mechanisms where 
a number of bearings, gear trains, etc. are involved, 
and where the power available to cause operation of 
the unit is a very important factor. 

Lubricating grease performance in the presence 


*United States Air Force 


[ 108 ] 








LUBRICATION 


Figure 10 —High Temperature Oscillating Control Bearing Tester. Apparatus is used to determine the life of a grease in 
aircraft control-type bearings up to 550° F. An automatic device shuts down the tester when the torque exceeds one foot-pound. 


of water is an involved phenomenon, including 
resistance to washout, lubrication under dynamic 
conditions and rust protection under both dynamic 
and static conditions. A recent study has been made 
of these factors, and a test technique developed to 
separate and measure the various effects?". 


ADVANCES IN RELUBRICATION 

1. Greases 

The foregoing sections have described the great 
advances in sealed and cartridge-type bearings, where 
one fill of grease lasts for the life of the part or to 
a major overhaul. Yet there are many applications 
such as in the metal industries and in industrial 
machine lubrication, where periodic relubrication 
— “the right amount of the right grease at the right 
time’ — is a must. 

The August 1957 issue of this publication gives 
a comprehensive and up-to-date picture of automatic 
grease dispensing equipment and pertinent informa- 
tion on flow properties of greases and so forms a 
valuable supplement to the issue at hand*°. 

A further development which has taken firm hold 
in Europe during recent years is that of the so-called 
“grease valve” which expedites the relubrication of 


running bearings on individual pieces of equipment 
such as large electric motors, centrifugal pumps, and 
water turbine ‘‘plummer’’ (pillow) blocks**. This 
device is reported to be particularly suitable for the 
breaking-in of new spherical roller bearings where 
flooded grease lubrication is recommended during 
the first hours of operation. The grease valve is 
essentially a rotating slinger which directs grease 
purged through the bearing into a venting passage- 
way so that excess grease will not pile up in the 
bearing and cause overheating, churning and grease 
breakdown. 

Figure 13* shows a drawing of a grease valve 
arranged for electric motor bearing relubrication. 
Figure 14* shows how the valve causes a rapid drop 
in temperature following successive relubrication 
periods as compared to operation without the valve. 


2. Oils 

A companion article to the August 1957 issue is 
that of November, 1957 on Central Air-Borne Lub- 
rication Systems which describes the unconventional 
but very important systems for application of lubri- 
cating fluids as a spray or more finely atomized mist. 
‘See page 112 
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lla 
Landing Light 


11b 
Actuator Assembly 
Shutter-vane Intercooler with 400-cycle Inverter 





Ile 
Actuator Assembly 
Bomb-Bay Door 





lld 
Gear Assembly, Elevator Flap Tab 


lle — Antenna Assembly 


Figure 11 — Composite view of five pieces of aircraft accessory equipment tested at temperatures down to —100°F. 
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Figure 12 — Aircraft retractable landing light assembly with associated electrical equipment necessary to operate the landing 


light at temperatures down to 


SUMMARY 


It is difficult to overemphasize the importance of 
rolling-element bearings to our economy. The petro- 
leum industry is proud to have been a companion in 
the development of present bearing/lubricant sys- 
tems upon which so much of industry and our 
defense effort depend. 


BIBLIOGRAPHY 


1D. F. Wilcock and E. R. Booser, “Bearing Design and 
Application” 1st edition 1957, McGraw-Hill Book Com- 
pany, Inc. 

2D. F. Wilcock and M. Anderson, ““Grease—An Oil Store- 
house for Bearings’’ ASTM Special Technical Publica- 
tion No. 84, Symposium on Functional Tests for Ball 
Bearing Greases, June 23, 1948. 

3E. G. Jackson and E. R. Booser, “Grease for Electric 
Motors” NLGI Spokesman, March 1954, Page 8. 

4R. O'Halloran, J. J. Kolfenbach and H. L. Leland, 
“Grease Flow in Shielded Bearings’ Lubrication Engi- 
neering 14 (3) 104-7, 117, March 1958. 


r 


L 


-100 F. 


5E. R. Booser, ‘Recent Advances in Grease Lubrication 
of Ball-Bearings’”’ Advance copy Paper 32, Group 2, The 
Institution of Mechanical Engineers, London, England, 
Conference on Lubrication and Wear, 1st-3rd, October 
1957. 

6J. E. Brophy, J. Larson, C. R. Singleterry and W. A. 
Zisman, “High Temperature Lubrication of Electric 
Motor Ball Bearings” NLGI Spokesman, Vol. 17, July 
1953, Page 8. 

7 Magazine LUBRICATION, “High Speed Grease Lubri- 
cation”, Vol. 37, December 1951. 

8J. P. Dilworth and J. R. Roach, “High Temperature 
Ultra High Speed Grease Lubrication’’ NLGI Spokes- 
man, Vol. 20, April 1956, Page 8. 

9J. R. Roach and T. B. Jordan, ‘Evaluation of Grease Lub- 
ricated Bearings at High Rotative Speeds” NLGI Spokes- 
man, Vol. 21, May 1957, Page 18. 

10A. B. Jones, “The Life of High-Speed Ball Bearings” 
Trans. ASME, 74, 695 (July 1952). 

11“Final Report on Amphibian Wheel Bearing Grease” 
(Project CLLG-37-44), September 1, 1946, Coordi- 
nating Research Council Inc. 


12R. F. Hausman and E. R. Booser, “Application Problems 


111 } 





LUBRICATION 


OUTER COVER 


August, 1958 


alls 


ime HSS 
AMS 














Umes) 
Ml 


Figure 13 — Grease valve in electric motor with end frames (reprinted from SKF brochure TSP 524378). Note design of bearing 
housing covers which incorporate radial webs to lead new grease into the bearing. 
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Figure 14 — Temperature graphs obtained during relubrication 

tests. (a) is an SKF roller bearing 22328M running at 1100 

RPM in conjunction with grease valve. (b) is same type of roller 

bearing without grease valve. (reprinted from SKF brochure 
TSP 524378), 
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IN THE LAB: Engineers test Texaco 979 Roller Bearing 
Grease at Texaco’s Beacon Research Laboratories. This 7-ton 
test machine can operate at speeds up to the equivalent of 


100 m.p.h., apply up to 50,000 pounds vertical and 15,000 
pounds horizontal loads—can be made to duplicate or 
exceed actual road service conditions. 


TEXACO 
979 Roller Bearing Grease 
proves best 


TEXACO 979 ROLLER BEARING GREASE is 
one of the original AAR-approved greases for 
journal roller bearings. Tests in Texaco Lab- 
oratories, tests by leading bearing manufac- 
turers, and millions of miles of actual service 
on leading railroads—all prove its superiority. 

Texaco 979 Roller Bearing Grease retains 
its consistency in prolonged service. It does not 


THE TEXAS COMPANY 


ATLANTA, GA... ..864 W. Peachtree St., N.W. 
BOSTON 16, MASS 20 Providence Street 
See BOE. Vie inks cs cdcuus P.O. Box 368 
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CHICAGO 4, ILL.....332 So. Michigan Avenue 
DALLAS 2, TEX 311 South Akard Street 
DENVER 3, COLO 1570 Grant Street 


soften excessively, hence strongly resists leak- 
age and stays in the bearing—assuring better 
lubrication, longer lasting protection, longer 
bearing life and lower maintenance costs. 

Let a Texaco Representative explain how 
you can benefit through the use of Texaco 
Railroad Lubricants and Systematic Engineer- 
ing Service. 
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